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(57) ABSTRACT

An upper electrode includes a central electrode, a peripheral
clectrode, multiple dielectric bodies, and multiple power
supply electrodes. The central electrode 1s disposed on a

counter surface of the upper electrode facing a substrate
support, on which a target object that 1s a plasma processing,
target 1s placed, at a position corresponding to a central
portion of the substrate support. The peripheral electrode 1s
disposed on the counter surface to encircle a periphery of the
central electrode. The dielectric bodies are laminated
between the counter surface and a surface of the upper
clectrode opposite to the counter surface. The power supply
clectrode 1s arranged between the dielectric bodies to elec-
trically connect the central electrode and the peripheral
clectrode respectively to power supply terminals 1individu-
ally disposed at the surface opposite to the counter surface.
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UPPER ELECTRODE AND PLASMA
PROCESSING APPARATUS

TECHNICAL FIELD

The present disclosure relates to an upper electrode and a
plasma processing apparatus.

BACKGROUND

A capacitively coupled plasma processing apparatus in
which parallel plate electrodes are disposed in a processing,
chamber has been known. In the capacitively coupled
plasma processing apparatus, an upper electrode and a lower
clectrode are arranged 1n parallel within the pressure-reduc-
ible processing chamber, and a target substrate, for example,
a semiconductor wafer, 1s placed on the lower electrode. The
plasma processing apparatus generates plasma by applying
a radio frequency power having a predetermined frequency
to the upper electrode while supplying a predetermined
processing gas into the processing chamber (see, e.g., Patent
Document 1).

Patent Document 1: Japanese Patent Application Publi-
cation No. 2014-93436

The present disclosure provides a technique capable of
suppressing noise.

SUMMARY

In accordance with an aspect of the present disclosure,
there 1s provided an upper clectrode including a central
clectrode, one or more peripheral electrodes, multiple
dielectric bodies, and multiple power supply electrodes. The
central electrode 1s disposed on a counter surface of the
upper electrode facing a substrate support, on which a target
object that 1s a plasma processing target 1s placed, at a
position corresponding to a central portion of the substrate
support. The one or more peripheral electrodes are disposed
on the counter surface to encircle a periphery of the central
clectrode. The multiple dielectric bodies are laminated
between the counter surface and a surface of the upper
clectrode opposite to the counter surface. The multiple
power supply electrodes are arranged between the multiple
dielectric bodies to electrically connect the central electrode
and the one or more peripheral electrodes respectively to
power supply terminals that are individually disposed at the
surface opposite to the counter surface.

FEftect of the Invention

In accordance with the aspect of the present disclosure, 1t
1s possible to suppress noise.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional view showing an
example of a configuration of a plasma processing apparatus
according to a first embodiment.

FIG. 2 1s a cross-sectional view showing an example of
the configuration of the upper electrode according to the first
embodiment.

FIGS. 3A and 3B are plan views showing examples of
configurations ol power supply electrodes according to the
first embodiment.

FI1G. 4 shows an example of an electrical configuration of
a supply path for supplying power to a central electrode and
a peripheral electrode.
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FIG. 5 1s a cross-sectional view showing an example of a
configuration of an upper electrode according to a second
embodiment.

FIG. 6 1s a cross-sectional view showing an example of a
configuration of an upper electrode according to a third
embodiment.

FIG. 7 1s a plan view showing an example of a configu-
ration of a power supply electrode according to the third
embodiment.

FIG. 8 15 a cross-sectional view showing an example of a

configuration of an upper electrode according to a fourth
embodiment.

DETAILED DESCRIPTION

Heremaiter, embodiments of an upper electrode and a
plasma processing apparatus of the present disclosure will
be described in detail with reference to the accompanying
drawings. The following embodiments are not intended to
limit the upper electrode and the plasma processing appa-
ratus of the present disclosure. Further, the following
embodiments can be appropriately combined without con-
tradicting processing contents thereof.

In the plasma processing apparatus, noise may be gener-
ated due to a radio frequency applied to generate plasma,
which may cause problems such as malfunctioning. There-
fore, 1t 1s desirable to suppress the noise.

First Embodiment
Configuration of the Plasma Processing Apparatus

Heremnaiter, a configuration of a plasma processing appa-
ratus according to an embodiment will be described. In the
tollowing description, a case 1n which the plasma processing
apparatus performs film formation as a plasma treatment on
a semiconductor water will be described as an example.
FIG. 1 1s a schematic cross-sectional view showing an
example of a configuration of the plasma processing appa-
ratus according to a first embodiment. A plasma processing
apparatus 100 includes a processing chamber 1, a substrate
support 2, an upper electrode 3, a gas exhaust unit 4, a gas
supply mechanism 5, and a controller 6.

The processing chamber 1 1s made of a metal such as
aluminum and has a substantially cylindrical shape.

A loading/unloading port 11 for loading and unloading a
waler W 1s formed on a sidewall of the processing chamber
1. The loading/unloading port 11 1s opened and closed by a
gate valve 12. An annular gas exhaust duct 13 having a
rectangular cross section 1s disposed on a main body of the
processing chamber 1. A slit 13q 1s formed 1n the gas exhaust
duct 13 along an 1nner peripheral surface of the gas exhaust
duct 13. A gas exhaust port 135 1s formed on an outer wall
of the gas exhaust duct 13. An upper electrode 3 1s disposed
on an upper surface of the gas exhaust duct 13 to block a top
opening ol the processing chamber 1. A space between the
gas exhaust duct 13 and the upper electrode 3 1s airtightly
sealed with a seal 15.

The substrate support 2 i1s configured to horizontally
support the waler W 1n the processing chamber 1. The
substrate support 2 1s formed 1n a disc shape having a size
corresponding to a size of the water W. The substrate support
2 1s supported by a support member 23. The substrate
support 2 1s made of a ceramic material such as aluminum
nitride (AIN) or a metal material such as aluminum or a
nickel alloy. The substrate support 2 has therein a heater 21
for heating the water W, an electrostatic attraction electrode
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29A, and a radio frequency (RF) electrode 29B. The heater
21 1s configured to generate heat by the power supplied from
a heater power supply (not shown). An output of the heater
21 1s controlled by a temperature signal of a fiber thermom-
cter (not shown) disposed near an upper surface of the
substrate support 2. Accordingly, a temperature of the water
W 1s controlled to a predetermined temperature.

A first radio frequency (RF) power supply 44 1s electri-
cally coupled to the RF electrode 29B through a matching
unit 43. The matching umt 43 has a variable capacitor and
an 1impedance control circuit. Thus, the matching unit 43 1s
configured to control at least one of a capacitance and an
impedance. The matching unit 43 matches a load impedance
with an internal impedance of the first RF power supply 44.
The first RF power supply 44 1s configured to apply the
power having a predetermined frequency for attracting ions
in the plasma to the substrate support 2 through the RF
clectrode 29B. For example, the first RF power supply 44
applies a RF power of 13.56 MHz for ion attraction to the
substrate support 2 through the RF electrode 29B. In other
words, the substrate support 2 also functions as a lower
clectrode.

The electrostatic attraction electrode 29A 1s electrically
coupled to an attraction power supply 40 through an
ON/OFF switch 20 disposed external to the processing
chamber 1. A predetermined DC voltage 1s applied from the
attraction power supply 40 to the electrostatic attraction
clectrode 29A. A DC voltage applied to the electrostatic
attraction electrode 29A generates a Coulomb force, thus
causing the electrostatic attraction electrode 29A to attract
and hold the water W.

The upper clectrode 3 1s disposed above the substrate
support 2 to face the substrate support 2. In the case of
performing a plasma treatment, a RF power of a predeter-
mined frequency is applied to the upper electrode 3. For
example, a second RF power supply 46 serving as a power
supply 1s electrically coupled to the upper electrode 3
through a matching umt 45. The matching unit 45 has a
variable capacitor and an impedance control circuit. Thus,
the matching unit 45 1s configured to control at least one of
a capacitance and an impedance. The matching unit 435
matches the load impedance with an internal impedance of
the second RF power supply 46. The second RF power
supply 46 1s configured to apply the power having a prede-
termined Ifrequency for plasma generation to the upper
clectrode 3. For example, the second RF power supply 46
applies a RF power of 13.56 MHz to the upper electrode 3.

The gas supply mechanism 5 1s connected to the upper
clectrode 3. The gas supply mechanism 3 1s connected to gas
supply sources of various gases used for the plasma treat-
ment through gas supply lines (not shown). Each gas supply
line 1s appropriately branched depending on processes of the
plasma treatment, and 1s provided with an opening/closing,
valve and a flow rate controller. The gas supply mechanism
5 1s configured to control flow rates of various gases by
controlling the opening/closing valves and the flow rate
controllers provided in the respective gas supply lines. The
gas supply mechanism 5 supplies various gases used for the
plasma treatment to the upper electrode 3.

A flow channel 1s formed in the upper electrode 3 so that
various gases are supplied from the gas supply mechanism
5 into the processing chamber 1 through the flow channel. In
other words, the upper electrode 3 also functions as a gas
supply for supplying various gases. A specific configuration
of the upper electrode 3 will be described later.

The substrate support 2 1s provided with a cover member
22 that 1s made of ceramic such as alumina and covers an
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outer peripheral region of an upper surface and a side surface
of the substrate support 2. An adjusting mechamism 30 for
adjusting a gap between the upper electrode 3 and the
substrate support 2 1s connected to a bottom surface of the
substrate support 2. The adjusting mechanism 30 includes
the support member 23 and a lifter 24. The support member
23 supports the substrate support 2 at the center of the
bottom surface of the substrate support 2. Further, the
support member 23 extends through a hole formed in a
bottom wall of the processing chamber 1 up to a position
below the processing chamber 1. A lower end of the support
member 23 1s connected to the lifter 24. The substrate
support 2 1s vertically moved by vertically moving the lifter
24 with the support member 23. The adjusting mechanism
30 causes the lifter 24 to vertically move the substrate
support 2 between a processing position indicated by a solid
line 1n FIG. 1 and a transfer position at which the water W
can be transierred. The transfer position 1s indicated by a
double dotted line 1n FIG. 1 and disposed below the pro-
cessing position. Thus, the water W can be loaded and
unloaded.

A flange portion 23 1s attached to a portion of the support
member 23 below the processing chamber 1. A bellows 26
that 1s extended and contracted by the vertical movement of
the substrate support 2 1s disposed between an outer bottom
surface of the processing chamber 1 and the tlange portion
235 to partition an inner atmosphere of the processing cham-
ber 1 and the external air.

Three water support pins 27 (only two are shown) are
disposed near an iner bottom surface of the processing
chamber 1 to protrude upward from an elevating plate 27a.
The waler support pins 27 are vertically moved with the
clevating plate 27a by vertically moving a lifter 28 disposed
below the processing chamber 1.

The waler support pins 27 can protrude beyond and
retract below the upper surface of the substrate support 2
through through-holes 2a formed in the substrate support 2
located at the transfer position. By vertically moving the
waler support pins 27, the waler W 1s transferred between a
transfer mechanism and the substrate support 2. A process-
ing space 38 1s formed between the substrate support 2 and
the upper electrode 3 1n a state where the substrate support
2 1s located at the processing position.

The inside of the processing chamber 1 1s exhausted by
the gas exhaust unit 4. The gas exhaust unit 4 includes a gas
exhaust line 41 connected to the gas exhaust port 135, and
a gas exhaust mechanism 42 having a vacuum pump, a
pressure control valve, and the like connected to the gas
exhaust line 41. During the treatment, a gas in the processing
chamber 1 reaches the gas exhaust duct 13 through the slit
13a, and 1s exhausted from the gas exhaust duct 13 through
the gas exhaust line 41 by the gas exhaust mechanism 42.

FIG. 2 1s a cross-sectional view showing an example of
the configuration of the upper electrode according to the first
embodiment. The upper electrode 3 includes a central elec-
trode 50 and a peripheral electrode 51 on a counter surface
3a facing the substrate support 2. Fach of the central
clectrode 50 and the peripheral electrode 51 may be made of
a conductive material such as aluminum or stainless steel.

The central electrode 50 1s formed 1n a disc shape having
a diameter smaller than that of the substrate support 2. The
central electrode 350 1s disposed on the counter surface 3q at
a position corresponding to the central portion of the sub-
strate support 2. The peripheral electrode 51 1s formed 1n an
annular shape having an inner diameter slightly greater than
an outer diameter of the central electrode 50. The peripheral
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clectrode 51 1s disposed on the counter surface 3a to encircle
a periphery of the central electrode 50.

The upper electrode 3 has a plurality of dielectric bodies
laminated on the central electrode 50 and/or the peripheral
clectrode 51. The dielectric bodies may be made of ceramic
such as alumina or glass such as quartz. For example, three
dielectric bodies 52 to 54 are laminated 1n the upper elec-
trode 3. The dielectric body 52 includes a plane portion 524
and a cylindrical portion 525. The plane portion 52a has a
s1ze similar to that of the central electrode 50 and 1s formed
at a lower portion of the dielectric body 52. The cylindrical
portion 525 1s formed at the center of the plane portion 52a.
The dielectric body 53 1s formed 1n a flat circular ring shape
having a size similar to that of the dielectric body 52 and 1s
disposed on the dielectric body 52 with the cylindrical
portion 525 passing through a central hole of the dielectric
body 53. The dielectric body 54 1s formed 1n a flat circular
ring shape having a size slightly greater than that of the
dielectric body 53 and 1s disposed on the dielectric body 53
with the cylindrical portion 526 passing through a central
hole of the dielectric body 54. The dielectric body 52 1s fixed
to the dielectric body 33 by screws (not shown) or the like.
The dielectric body 53 1s fixed to the dielectric body 54 by
screws (not shown) or the like.

The central electrode 50 1s disposed at a bottom surface of
the plane portion 52a of the dielectric body 52 that faces the
substrate support 2. The peripheral electrode 51 has a
thickness substantially the same as the sum of the thick-
nesses of the dielectric bodies 52 and 33. The pernipheral
clectrode 51 1s disposed at the side surfaces of the dielectric
bodies 32 and 53. The central electrode 50 1s fixed to the
dielectric body 52 by screws (not shown) or the like. The
peripheral electrode 51 1s fixed to at least one of the
dielectric body 52 and the dielectric body 53 by screws (not
shown) or the like.

On the dielectric body 54, a dielectric body 55 1s disposed
to cover the cylindrical portion 525. A flow channel 352c¢ 1s
tformed 1n the cylindrical portion 526 of the dielectric body
52 along the central axis. A gas inlet hole 5556 communi-
cating with the flow channel 52¢ 1s formed at the dielectric
body 55. A gas supply line 5a 1s connected to the gas inlet
hole 556 to supply various gases from the gas supply
mechanism 3.

Further, a gas diflusion space 524 1s formed between the
central electrode 50 and the plane portion 52a. The gas
diffusion space 3524 1s a disc-shaped space whose height
increases toward the center. The gas diflusion space 52d
communicates with the flow channel 52¢ at the center.
Various gases are supplied to the gas diffusion space 52d
through the flow channel 52c.

Multiple through-holes 50a are formed in the central
clectrode 50. The gas supplied to the gas diffusion space 52d
1s supplied 1n a shower pattern to the processing space 38
between the substrate support 2 and the upper electrode 3
through the through-holes 50a. In other words, the upper
clectrode 3 also functions as a gas supply for supplying
various gases to the processing space 38.

Further, the upper electrode 3 has an annular dielectric
body 56 that surrounds the dielectric bodies 52 to 54. An
outer diameter of the dielectric body 56 1s substantially the
same as an mner diameter of the gas exhaust duct 13. An
outwardly extending flange portion 54a may be formed on
an outer peripheral portion of an upper surface of the
dielectric body 54. The dielectric body 34 1s fixed to the
dielectric body 56 by, for example, screws (not shown) 1n a
state where the flange portion 34a 1s engaged with the
dielectric body 56. A seal 57 1s disposed between the tlange
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portion 54q and the dielectric body 56 to airtightly seal the
gap therebetween. Further, an outwardly extending flange
portion 56qa 1s formed on an outer peripheral portion of an
upper surface of the dielectric body 56, and the dielectric
body 56 1s fixed to the gas exhaust duct 13 by, for example,
screws (not shown) in a state where the flange portion 364
1s engaged with the gas exhaust duct 13. A seal 15 1s
disposed between the gas exhaust duct 13 and the flange
portion 56qa to airtightly seal the gap therebetween.

At the dielectric body 35, a power supply terminal to
which the power of a predetermined frequency 1s supplied 1s
formed. For example, power supply terminals 60a and 605
to which powers of predetermined frequencies from the
second RF power supply 46 are individually supplied are
formed at the dielectric body 35. The second RF power
supply 46 1s configured to individually control the powers
supplied to the power supply terminals 60a and 6056. How-
ever, the plasma processing apparatus 100 may include a
plurality of second RF power supplies 46 and a plurality of
matching units 45 to correspond to the power supply termi-
nals 60a and 605, so that the second RF power supplies 46
can respectively supply the powers of predetermined fre-
quencies to the power supply terminals 60a and 6056 through
the matching units 45.

The upper electrode 3 includes power supply electrodes
for supplying RF powers of predetermined Irequencies
between the dielectric bodies. For example, the upper elec-
trode 3 includes a power supply electrode 61 that electrically
couples the central electrode 50 and the power supply
terminal 60a between the dielectric body 52 and the dielec-
tric body 53. Further, the upper electrode 3 includes a power
supply electrode 62 that electrically couples the peripheral

clectrode 51 and the power supply terminal 605 between the
dielectric body 33 and the dielectric body 54. Each of the
power supply electrodes 61 and 62 may be made of a
conductive material such as aluminum, stainless steel, or the
like.

FIGS. 3A and 3B are plan views showing examples of the
configurations of the power supply electrodes according to
the first embodiment. FIG. 3A shows an example of the
configuration of the power supply electrode 61. FIG. 3B
shows an example of the configuration of the power supply
clectrode 62.

As shown 1n FIG. 3A, the power supply electrode 61 has
an annular portion 61a and a plurality of conducting wire
portions 615. The conducting wire portions 615 are con-
nected to one another around the center, and the power
supply electrode 61 has a power supply point 61¢ where the
power 1s supplied by contact with the power supply terminal
60a. Further, the conducting wire portions 615 are partially
curved and bent so that the distances (lengths) to the annular
portion 61a become equal (that 1s, the lengths of the con-
ducting wire portions 615 from the power supply point 61c¢
to the annular portion 61a are equal to one another), and the
conducting wire portions 615 are connected to multiple
points on the circumierence of the annular portion 61a. As
shown 1n FIG. 2, the power supply electrode 61 1s electri-
cally connected to the central electrode 50 at the annular
portion 61a through a conductive ring electrode 63. The ring
clectrode 63 has an annular shape and 1s 1n contact with an
outer edge of the central electrode 50. The power supply
clectrode 61 1s electrically connected to the central electrode
50 through the ring electrode 63. As shown in FIG. 3A,
multiple pin holes 61d spaced apart from each other at
regular intervals are formed 1n the annular portion 61a of the
power supply electrode 61. The ring electrode 63 1s fixed by
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screws (not shown) through the pin holes 614 and fastened
to the power supply electrode 61.

As shown 1n FIG. 3B, the power supply electrode 62 has
an annular portion 62a and a plurality of conducting wire
portions 625. The conducting wire portions 62b are con-
nected to one another around the center, and the power
supply electrode 62 has a power supply point 62¢ where the
power 1s supplied by contact with the power supply terminal
60b. Further, the conducting wire portions 626 are partially
curved and bent so that the distances (lengths) to the annular
portion 62a become equal (that 1s, the lengths of the con-
ducting wire portions 625 from the power supply point 62¢
to the annular portion 62a are equal to one another), and the
conducting wire portions 625 are connected to multiple
points on the circumierence of the annular portion 62a.
Since the annular portion 62a 1s 1n contact with the periph-
cral electrode 51 as shown in FIG. 2, the power supply
clectrode 62 1s electrically connected to the peripheral
clectrode 51 at the annular portion 62a.

Here, a RF current tlows only on and near a surface of a
conductor, which 1s known as skin eflect. For example, a RF
current of 13.56 MHz flows only to a depth of about 0.3 mm
from a surface of aluminum and to a depth of about 0.02 mm
from a surface of stainless steel. The RF current flows along
the surface of the conductor from the power supply point to
the electrode that generates plasma. For example, an RF
current flows from the power supply point 61c¢ to the central
clectrode 50 through the power supply electrode 61. The RF
current flows from the power supply point 62¢ to the
peripheral electrode 51 through the power supply electrode
62. In the present embodiment, the propagation paths of the
RF power to each of the central electrode 50 and the
peripheral electrode 51 become substantially uniform by
using the power supply electrodes 61 and 62. Accordingly,
the RF power can be uniformly propagated to each of the
central electrode 50 and the peripheral electrode 51, and thus
the plasma density distribution can become uniform.

In the power supply electrode 61, a seal 61¢ extends along
the circumiferential direction of the annular portion 61la.
Further, 1n the power supply electrode 62, a seal 624 extends
along the circumferential direction of the annular portion
62a.

The gap between the dielectric bodies 52 and 53 1s
airtightly sealed by the seal 6le. The gap between the
dielectric bodies 53 and 54 1s airtightly sealed by the seal
624d. In the plasma processing apparatus 100, a pressure 1n
a space mncluding an upper portion of the upper electrode 3
1s set to an atmospheric pressure. Specifically, a predeter-
mined gap (e.g., 0.2 mm to 2 mm) 1s formed between the
dielectric bodies 52 and 53 and between the dielectric bodies
53 and 54 and a pressure 1n the space up to the positions of
the seals 61e and 624 1s set to the atmospheric pressure. In
the upper electrode 3, by providing the gaps and setting a
pressure in the space up to the position of the seals 624 to
the atmospheric pressure, 1t 1s possible to suppress abnormal
discharge caused by the atmosphere 1n the gaps.

In the upper electrode 3, a heater 64 serving as a heat
generating unit 1s disposed on at least a part ol an upper
surface 3b opposite to the counter surface 3a facing the
substrate support 2. The heater 64 generates heat by the
power supplied from a heater power supply (not shown)
through a wiring 63. In the case of performing film forma-
tion, the upper electrode 3 1s heated to a temperature of 200°
C. to 400° C. by the heater 64. A heat insulating material 66
1s disposed on the heater 64 to suppress the heat release.

Further, the upper electrode 3 1s provided with a conduc-
tive shield member that covers the entire upper surface 35

10

15

20

25

30

35

40

45

50

55

60

65

8

from the position above the heater 64. For example, the
upper electrode 3 includes a conductive shield member 67a
that covers the power supply terminals 60a and 605. Further,
the upper electrode 3 includes a conductive shield member
67b disposed on the entire upper surface of the heater 64.

The power of a predetermined frequency for plasma
generation 1s applied from the second RF power supply 46
to the central electrode 50 and the peripheral electrode 51 of
the upper electrode 3 through the matching unit 45. The
matching unit 45 includes a variable capacitor and an
impedance control circuit, and i1s configured to control at
least one of a capacitance and an impedance.

FIG. 4 shows an example of an electrical configuration of
a supply path for supplying powers to the central electrode
50 and the peripheral electrode 51. As shown 1n FIG. 4, the
supply path for supplying the powers from the second RF
power supply 46 to the central electrode 50 and the periph-
cral electrode 51 1s provided with the matching unit 45
including a matching network 4354 for controlling an imped-
ance, variable capacitors 435 and current momitors 45¢. For
example, the matching unit 45 adjusts a capacitance and an
impedance and matches the load impedance with the internal
impedance of the second RF power supply 46.

Referring back to FIG. 1, the operation of the plasma
processing apparatus 100 configured as described above 1s
generally controlled by the controller 6. The controller 6 1s,
¢.g., a computer, and includes a central processing unit
(CPU), a random access memory (RAM), a read only
memory (ROM), an auxiliary storage device, and the like.
The CPU operates based on a program stored in the ROM or
the auxiliary storage device or based on processing condi-
tions ol a plasma treatment to control the overall operation
of the plasma processing apparatus. For example, the con-

troller 6 controls the supply of various gases from the gas
supply mechanism 3, the vertical movement of the lifter 24,
the operation of exhausting the processing chamber 1 using
the gas exhaust mechamsm 42, and the supply of powers
from the first RF power supply 44 and the second RF power
supply 46. A computer-readable program required for the
above control may be stored imn a storage medium. The
storage medium 1includes, e.g., a flexible disk, a compact
disk (CD), a CD-ROM, a hard disk, a flash memory, a DVD,
or the like. Further, the controller 6 may be disposed 1nside
the plasma processing apparatus 100 or outside the plasma
processing apparatus 100. When the controller 6 1s disposed
outside the plasma processing apparatus 100, the controller
6 can control the plasma processing apparatus 100 using a

wired or wireless communication device.

Next, the sequence of the plasma treatment performed by
the plasma processing apparatus 100 under the control of the
controller 6 will be brietly described. The plasma processing
apparatus 100 reduces a pressure 1n the processing chamber
1 to a vacuum atmosphere using the gas exhaust mechanism
42. In the plasma processing apparatus 100, in the case of
loading the water W, the substrate support 2 1s lowered to the
waler transier position and the gate valve 12 1s opened. The
waler W 1s loaded through the loading/unloading port 11 and
placed on the substrate support 2 by the waler transier
mechanism. The plasma processing apparatus 100 closes the
gate valve 12 and the substrate support 2 1s raised to the
waler processing position.

After the pressure 1n the processing chamber 1 1s adjusted,
the plasma processing apparatus 100 supplies RF power of
a predetermined frequency to the upper electrode 3 and the
substrate support 2 while supplying various gases used for
the plasma treatment from the upper electrode 3 into the
processing chamber 1, thereby generating plasma.
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However, 1n the plasma processing apparatus 100, noise
may be generated due to the RF power applied to generate
plasma, and thus problems such as malfunctioning and the
like may occur as described above.

Therefore, in the upper electrode 3 of the present embodi-
ment, the dielectric bodies 52 to 54 are laminated, and the
power supply electrodes 61 and 62 are arranged between the
dielectric bodies 52 to 34. Accordingly, in the plasma
processing apparatus 100, noise can be suppressed even
when the RF power 1s supplied to the power supply elec-
trodes 61 and 62 to generate plasma. This 1s because noise
of the RF power 1s attenuated by the dielectric bodies 52 to
54. Further, the upper electrode 3 1s provided with the shield
members 67a and 675 that cover the entire upper surface 35.
Accordingly, 1n the plasma processing apparatus 100, the
propagation of noise toward the upper surface 36 of the
upper clectrode 3 can be prevented.

Meanwhile, since the upper electrode 3 of the present
embodiment 1s provided with the shield members 67a and
676 disposed above the heater 64, the RF noise 1s generated
at the wiring 65 although 1t 1s attenuated. Therefore, 1t 1s
preferred to provide a noise removing filter for removing the
RF noise at the wiring 63. In the plasma processing appa-
ratus 100 of the present embodiment, the noise removing,
filter 1s provided at the wiring 65, and the power 1s supplied
to the heater 64 through the noise removing filter.

Further, 1n the plasma processing apparatus 100 of the
present embodiment, the plasma density can be controlled
using the central electrode 50 and the peripheral electrode
51. The plasma density changes depending on the applied
RF power. Therefore, 1n the plasma processing apparatus
100, the controller 6 controls the powers supplied from the
second RF power supply 46 to the central electrode 50 and
the peripheral electrode 51 to control the gradient of the
plasma density. For example, the controller 6 controls the
plasma density to have a forward gradient such that the
plasma density increases outward from the center of the
substrate support 2 or a reverse gradient such that the plasma
density decreases outward from the center of the substrate
support 2. In the plasma processing apparatus 100, the
plasma density has the forward gradient or the reverse
gradient, so that 1t 1s possible to control the supply amount
of dissociated 1ons or particles and also possible to control
the 1n-plane progress of the plasma treatment at the central
portion and the peripheral portion of the water W. Further,
for example, 1n plasma enhanced atomic layer deposition
(PE-ALD), a time period and a cycle required to generate
plasma by applying the RF power is short, and thus 1t 1s
important to control the plasma density. In response thereto,
the plasma processing apparatus 100 can control the plasma
density to be suitable for formation of a PE-ALD film.

As described above, the upper electrode 3 of the present
embodiment includes the central electrode 50, the peripheral
clectrode 51, the dielectric bodies 52 to 34, and the power
supply electrodes 61 and 62. The central electrode 50 1s
disposed on the counter surface 3a facing the substrate
support 2, on which the water W that 1s a plasma processing
target 1s placed, at a position corresponding to the central
portion of the substrate support 2. The peripheral electrode
51 1s disposed on the counter surface 3a to encircle the
periphery of the central electrode 50. The dielectric bodies
52 to 54 are laminated between the counter surface 3a and
the upper surface 35 opposite to the counter surface 3a. The
power supply electrodes 61 and 62 are arranged between the
dielectric bodies 52 to 54 to electrically connect the central
clectrode 50 and the peripheral electrode 51 respectively to
the power supply terminals 60a and 605 that are individually

10

15

20

25

30

35

40

45

50

55

60

65

10

disposed at the upper surface 3b5. Accordingly, the upper
clectrode 3 of the present embodiment i1s configured to
SUPPIess noise.

Further, the power supply electrodes 61 and 62 of the
present embodiment are electrically connected to the central
clectrode 50 and the peripheral electrode 51 at the annular
portions 61a and 62a, respectively, and the power supply
terminals 60a and 605 are connected to multiple points on
the circumierences of the annular portions 61a and 62a by
the conducting wire portions 615 and 625 that are formed to
have the same length. Accordingly, 1n the upper electrode 3
of the present embodiment, the RF power can be uniformly
propagated to each of the central electrode 50 and the
peripheral electrode 51, and thus the plasma density distri-
bution can become uniform.

Further, the dielectric bodies 52 to 54 of the present
embodiment are laminated with the predetermined gaps
therebetween. The power supply electrodes 61 and 62 are
provided with the seals 61le and 624 extending along the
circumierential direction of the annular portions 6la and
62a to seal ofl the atmosphere, respectively. Accordingly, the
upper clectrode 3 of the present embodiment can suppress
abnormal discharge.

The upper electrode 3 of the present embodiment turther
includes the heater 64 and the shield members 67a and 675.
The heater 64 1s disposed to cover at least a part of the upper
surface 3b and generates heat by the power supplied through
the noise removing filter. The shield members 67a and 675
cover the entire upper surface 36 from the position above the
heater 64. Accordingly, the upper electrode 3 of the present
embodiment can shield the propagation of noise. Further, the
upper electrode 3 of the present embodiment can efliciently
heat the upper electrode 3.

Further, the plasma processing apparatus 100 of the
present embodiment includes the second RF power supply
46 serving as the power supply and the controller 6. The
second RF power supply 46 1s connected to the power
supply terminals 60a and 605 and supplies the powers of
predetermined frequencies to the central electrode 50 and
the peripheral electrode 51 through the power supply ter-
minals 60a and 605, respectively. The controller 6 controls
the powers supplied from the second RF power supply 46 to
the central electrode 50 and the peripheral electrode 51 such
that the plasma density during the plasma processing has a
predetermined gradient. Accordingly, the plasma processing
apparatus 100 of the present embodiment can control the
gradient of the plasma density and can control the in-plane
progress of the plasma treatment of the water W.

Further, in the plasma processing apparatus 100 of the
present embodiment, at least one of a variable capacitor and
an impedance control circuit 1s disposed 1n the supply paths
for supplying the powers from the second RF power supply
46 to the central electrode 50 and the peripheral electrode
51, and at least one of a capacitance and an impedance can
be controlled. Accordingly, the plasma processing apparatus
100 of the present embodiment can control the capacitance
and the impedance to suppress RF reflected waves or noise
that propagates to the supply paths.

Second Embodiment

Next, a second embodiment will be described. Since a
plasma processing apparatus 100 according to the second
embodiment has the same configuration as that of the plasma
processing apparatus 100 according to the first embodiment,
the redundant description thereof will be omatted.
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FIG. 5 1s a cross-sectional view showing an example of a
configuration of an upper electrode according to the second
embodiment. Since an upper electrode 3 according to the
second embodiment has the same configuration as that of the
upper electrode 3 according to the first embodiment, like
reference numerals will be given to like parts and redundant
description thereof will be omitted. Thus, the differences
will be mainly described.

In the upper electrode 3 according to the second embodi-
ment, a conductive shueld member 675 1s disposed on the
entire upper surface 35 opposite to the counter surface 3a
facing the substrate support 2.

In the upper electrode 3, a heater 64 serving as a heat
generating unit 1s disposed on at least a part of an upper
surface of the shield member 675. The heater 64 generates
heat by the power supplied from a heater power supply (not
shown) through the wiring 65. In the case of performing film
formation, the upper electrode 3 1s heated to a temperature
of 200° C. to 400° C. by the heater 64. A heat insulating
material 66 1s disposed above the heater 64 to suppress the
heat release.

Further, in the upper electrode 3, the shueld member 675
1s disposed under the heater 64. Therefore, the plasma
processing apparatus 100 can shield the propagation of noise
toward a portion above the upper electrode 3. Accordingly,
in the plasma processing apparatus 100, 1t 1s unnecessary to
provide a noise removing filter 1n the wiring 63 for supply-
ing the power to the heater 64, which enables to simplity the
configuration.

As described above, the upper electrode 3 of the second
embodiment includes the heater 64 and the shield members
67a and 67b. The shield members 67a and 675 cover the
entire upper surface 35. The heater 64 1s disposed to cover
at least a part of the upper portion of the shield member 675,
and generates heat by the power supplied thereto. Accord-
ingly, in the upper electrode 3 of the second embodiment, 1t
1s unnecessary to provide a noise removing filter in the
wiring 65 for supplying the power to the heater 64, which
cnables to simplity the configuration of the plasma process-
ing apparatus 100.

Third Embodiment

Next, a third embodiment will be described. Since a
plasma processing apparatus 100 according to the third
embodiment has the same configuration as that of the plasma
processing apparatus 100 according to the first embodiment,
the redundant description thereof will be omuitted.

FIG. 6 1s a cross-sectional view showing an example of a
configuration ol an upper electrode according to the third
embodiment. Since an upper electrode 3 according to the
third embodiment has the same configuration as the upper
clectrode 3 according to the first embodiment, like reference
numerals will be given to like parts and redundant descrip-
tion thereol will be omitted. Thus, the differences will be
mainly described.

In the upper electrode 3 according to the third embodi-
ment, multiple peripheral electrodes having diflerent diam-
cters are arranged in parallel on a counter surface of the
upper clectrode 3. For example, in the upper electrode 3
according to the third embodiment, on a counter surface 3a
facing a substrate support 2, a peripheral electrode 70 1s
disposed at an outer side of a peripheral electrode 51. The
peripheral electrode 70 1s formed 1n an annular shape having,
an mnner diameter slightly greater than an outer diameter of
the peripheral electrode 51 to encircle a periphery of the
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peripheral electrode 51. The peripheral electrode 70 may be
made of a conductive material such as aluminum, stainless
steel, or the like.

A dielectric body 56 1s divided 1nto a dielectric body 565
and a dielectric body 56c¢, and a power supply electrode 71
1s disposed between the dielectric bodies 565 and 36c¢.
Further, the dielectric body 56 i1s provided with a power
supply terminal 73 to which a power of a predetermined
frequency from a second RF power supply 46 1s supplied.
The power supply electrode 71 may be made of a conductive
material such as aluminum, stainless steel, or the like. The
plasma processing apparatus 100 may include a plurality of
second RF power supplies 46 and a plurality of matching
units 45 to correspond to the power supply terminals 60a,
605, and 73, so that the second RF power supplies 46 can
respectively supply the powers of predetermined frequen-
cies to the power supply terminals 60a, 605, and 73 through
the matching umit 45.

FIG. 7 1s a plan view showing an example of the con-
figuration of the power supply electrode according to the
third embodiment. FIG. 7 shows an example of the configu-
ration of the power supply electrode 71.

The power supply electrode 71 1s formed in an annular
shape and has a power supply point 71a where a power 1s
supplied by contact with the power supply terminal 73. As
shown 1n FIG. 6, the power supply electrode 71 1s in contact
with the peripheral electrode 70 and, thus, 1s electrically
connected with the peripheral electrode 70. The second RF
power supply 46 can individually control the powers sup-
plied to the power supply terminals 60a, 605, and 73.

Seals 715 are disposed on both sides of the power supply
clectrode 71 while extending along the circumierential
direction. The gap between the dielectric body 5656 and the
dielectric body 36c¢ 1s airtightly sealed by the seals 715. In
the plasma processing apparatus 100, a pressure 1n the space
including an upper portion of the upper electrode 3 1s set to
an atmospheric pressure. Specifically, a predetermined gap
(e.g., 0.2 mm to 2 mm) 1s formed between the dielectric
bodies 565 and 56c¢ and a pressure in the space up to the
position of the seals 715 1s set to the atmospheric pressure.

In the upper electrode 3 of the third embodiment, the
power supply electrode 71 1s disposed between the dielectric
bodies 565 and 56¢. Therelore, in the plasma processing
apparatus 100, noise can be suppressed even when the RF
power 1s supplied to the power supply electrode 71 to
generate plasma. This 1s because the RF noise 1s attenuated
by the dielectric bodies 565 and 56c.

Further, the plasma processing apparatus 100 of the third
embodiment can control the plasma density 1n various
manners using the central electrode 50 and the peripheral
clectrodes 51 and 70. For example, in the plasma processing
apparatus 100, the controller 6 controls the powers supplied
from the second RF power supply 46 to the central electrode
50 and the peripheral electrodes 51 and 70 such that the
plasma density has a forward gradient or a reverse gradient.
Further, in the plasma processing apparatus 100, 1t 1s pos-
sible to control the plasma density at the peripheral electrode
51 1ncreases or decreases compared to the plasma densities
of the central electrode 50 and the peripheral electrode 70.
Accordingly, the plasma processing apparatus 100 of the
third embodiment can control the in-plane progress of the
plasma treatment of the waler W in various manners.

As described above, 1n the upper electrode 3 of the third
embodiment, the peripheral electrodes 51 and 70 having
different diameters are arranged in parallel on the counter
surface 3a. The power supply electrodes 62 and 71 electri-
cally connect the peripheral electrodes 51 and 70 to the
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power supply terminals 605 and 73 individually disposed at
the upper surface 3b. Accordingly, the plasma processing

apparatus 100 of the third embodiment can control the
plasma density in various manners.

Fourth Embodiment

Next, a fourth embodiment will be described. Since a
plasma processing apparatus 100 according to the fourth
embodiment has the same configuration as that of the plasma
processing apparatus 100 according to the first embodiment,
the redundant description thereof will be omitted.

FIG. 8 1s a cross-sectional view showing an example of a
configuration of an upper electrode according to the fourth
embodiment. Since an upper electrode 3 according to the
fourth embodiment has the same configuration in part as the
upper electrode 3 according to the third embodiment, like
reference numerals will be given to like parts and redundant
description thereof will be omitted. Thus, the differences
will be mainly described.

In the upper electrode 3 according to the fourth embodi-
ment, a peripheral electrode 70 1s disposed at an outer edge
of the counter surface 3a. The peripheral electrode 70 1s
clectrically connected to the power supply electrode 71
through a conductive portion 74.

In the plasma processing apparatus 100, in the case of
performing {ilm formation as the plasma treatment, deposits
are likely to be deposited at a portion where the temperature
of plasma decreases. For example, in the plasma processing
apparatus 100, deposits are likely to be deposited around the
gas exhaust duct 13. In the plasma processing apparatus 100,
in order to remove the deposits, a cleaning gas 1s supplied
from the upper electrode 3 to the processing space 38 and the
powers of predetermined frequencies are supplied to the
central electrode 50 and the peripheral electrode 51 to
generate plasma. Thus, the cleaning 1s performed. The
cleaning gas may be, e.g., a reactant gas such as a fluorine-
based gas, a chlorine-based gas, or the like. However, even
if the cleaning 1s performed 1n plasma processing apparatus
100, 1t 1s dithicult to supply 10ns or particles having suflicient
energy to the vicimity of the gas exhaust duct 13. Accord-
ingly, the deposits cannot be sutliciently removed.

Therefore, 1n the plasma processing apparatus 100
according to the fourth embodiment, the peripheral electrode
70 15 used to clean the deposits. In the case of cleaning the
deposits, the controller 6 controls the second RF power
supply 46 to supply the powers of predetermined frequen-
cies to the central electrode 50 and the peripheral electrodes
51 and 70 to generate plasma. Accordingly, in the plasma
processing apparatus 100 according to the fourth embodi-
ment, 1ons or particles having suflicient energy can be
supplied to the vicimity of the gas exhaust duct 13 to remove
the deposits. In the case of cleaning only the vicimity of the
gas exhaust duct 13, the controller 6 may control the second
RF power supply 46 to supply a power of a predetermined
frequency to the peripheral electrode 70 to generate plasma.

As described above, 1n the upper electrode 3 of the fourth
embodiment, the peripheral electrodes 51 and 70 having
different diameters are arranged in parallel on the counter
surface 3a. The peripheral electrode 70 1s disposed at the
outer edge of the counter surface 3a. Therefore, the plasma
processing apparatus 100 of the fourth embodiment can
ciliciently clean the deposits near the outer edge.

The presently disclosed embodiments are considered in
all respects to be illustrative and not restrictive. The above-
described embodiments can be embodied in various forms.
Further, the above-described embodiments may be omitted,
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replaced, or changed in various forms without departing
from the scope of the appended claims and the gist thereof.

For example, the case where the target object 1s a semi-
conductor waler has been described as an example 1n the
above-described embodiments. However, the target object 1s
not limited thereto, and may be another substrate such as a
glass substrate or the like.

Further, the case where the upper electrode 3 includes one
or two peripheral electrodes has been described as an
example 1n the above-described embodiments. However, the
present disclosure 1s not limited thereto, and the upper
clectrode 3 may include three or more peripheral electrodes.

Further, the case where the gas diffusion space 1s formed
in the upper electrode 3 has been described as an example 1n
the above-described embodiments. However, the present
disclosure 1s not limited thereto, and the upper electrode 3
may be formed 1n a ring shape having a slit(s) through which
a gas passes. Further, the upper electrode 3 may have a
configuration 1n which the counter surface 3a 1s divided into
a plurality of regions so that gases can be injected at
individually controlled flow rates from the respective
regions.

Further, in the above-described embodiments, the fre-
quency of the RF power applied to the upper electrode 3 and
the substrate support 2 1s 13.56 MHz. However, the 1fre-
quency of the RF power 1s not limited thereto, and may be,
e.g., 2 MHz to 60 MHz.

Further, 1n the above-described embodiments, the RF
power 1s applied to the upper electrode 3. However, a
direct-current (DC) power may be applied to the upper
clectrode 3.

Further, in the above-described embodiments, the case
where the plasma processing apparatus 100 performs film
formation by generating plasma through the upper electrode
3 has been described as an example. However, the present
disclosure 1s not limited thereto, and the plasma processing
apparatus 100 may perform another plasma treatment such
as etching or the like by generating plasma through the upper
clectrode 3.

DESCRIPTION OF R

T
—

ERENCE NUMERALS

1: processing chamber

2: substrate support

3: upper electrode

3a: counter surface

3b: upper surface

6: controller

45: matching unit

46: second RF power supply
50: central electrode

51: peripheral electrode

52 to 56: dielectric bodies

57: seal

60a and 6056: power supply terminal
61: power supply electrode
61a: annular portion

6156: conductive wiring portion
6le: seal

62: power supply electrode
62a: annular portion

62b: conductive wiring portion
62c: power supply point

62d. seal

64: heater

65: wiring

66: heat insulating material
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67a and 67bH: conductive shield member
100: plasma processing apparatus

W: water

The 1nvention claimed 1s:

1. An upper electrode comprising:

a central electrode disposed on a counter surface of the
upper electrode facing a substrate support, on which a
target object that 1s a plasma processing target 1s placed,
at a position corresponding to a central portion of the
substrate support;

one or more peripheral electrodes disposed on the counter
surface to encircle a periphery of the central electrode;

multiple dielectric bodies laminated between the counter
surface and a surface of the upper electrode opposite to
the counter surface; and

multiple power supply electrodes arranged between the
multiple dielectric bodies to electrically connect the
central electrode and the one or more peripheral elec-
trodes respectively to power supply terminals that are
individually disposed at the surface opposite to the
counter surface,

wherein each of the power supply electrodes has an
annular portion and a plurality of conducting wire
portions, and

one ends of the conductive wiring portions are connected
to one another at a power supply point, the other ends
of the conducting wire portions are connected to mul-
tiple points on a circumierence of the annular portion,
and the conducting wire portions are partially curved
and bent so that lengths of the conducting wire portions
from the power supply point to the annular portion are
equal to one another.

2. The upper electrode of claim 1, wherein each of the
multiple power supply electrodes 1s electrically connected to
the central electrode or the one or more peripheral electrodes
at the annular portion.

3. The upper clectrode of claim 2, wherein the multiple
dielectric bodies are laminated with predetermined gaps
therebetween, and

cach of the power supply electrodes 1s provided with a
seal extending along a circumierential direction of the
annular portion to seal ofl the atmosphere.

4. The upper electrode of claim 1, wherein the one or more
peripheral electrodes includes a plurality of peripheral elec-
trodes having different diameters arranged 1n parallel on the
counter surface, and

the power supply electrodes for the peripheral electrodes
clectrically connect the peripheral electrodes to the
power supply terminals disposed at the surface opposite
to the counter surface, respectively.

5. The upper electrode of claim 1, further comprising;:

a heater disposed to cover at least a part of the surface
opposite to the counter surface and generates heat by
power supplied through a noise removing filter; and

one or more conductive shield members disposed to cover
the entire surface opposite to the counter surface from
a position above the heater.

6. The upper electrode of claim 1, further comprising:

one or more conductive shield members disposed to cover
the entire surface opposite to the counter surface; and
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a heater disposed to cover at least a part of an upper
portion of the shield member and generates heat by
power supplied thereto.

7. The upper electrode of claim 1, wherein one of the one

5 or more peripheral electrodes 1s disposed at an outer edge of
the counter surface.
8. A plasma processing apparatus comprising:
a substrate support on which a target object that 1s a
plasma processing target 1s placed; and
an upper electrode including a central electrode disposed
on a counter surface of the upper electrode facing the
substrate support at a position corresponding to a
central portion of the substrate support, one or more
peripheral electrodes disposed on the counter surface to
encircle a periphery of the central electrode, multiple
dielectric bodies laminated between the counter surface
and a surface of the upper electrode opposite to the
counter surface, and multiple power supply electrodes
arranged between the dielectric bodies to electrically
connect the central electrode and the peripheral elec-
trodes respectively to power supply terminals that are
individually disposed at the surface opposite to the

counter surface,
wherein each of the power supply electrodes has an

annular portion and a plurality of conducting wire
portions, and

one ends of the conductive wiring portions are connected
to one another at a power supply point, the other ends
of the conducting wire portions are connected to mul-
tiple points on a circumierence of the annular portion,
and the conducting wire portions are partially curved
and bent so that lengths of the conducting wire portions
from the power supply point to the annular portion are
equal to one another.

9. The plasma processing apparatus of claim 8, turther

comprising:

a power supply connected to the power supply terminals
and configured to supply powers of predetermined
frequencies to the central electrode and the peripheral
clectrodes through the power supply terminals, respec-
tively; and

a controller configured to control the powers supplied
from the power supply to the central electrode and the
peripheral electrodes such that a plasma density has a
predetermined gradient during a plasma treatment.

10. The plasma processing apparatus of claim 9, wherein

at least one of a variable capacitor and an impedance control
circuit 1s disposed 1n respective supply paths for supplying
the powers from the power supply to the central electrode
and the peripheral electrode, and at least one of a capaci-
50 tance and an impedance 1s controlled.
11. The plasma processing apparatus of claim 8, wherein
the conducting wire portions are formed 1n different shapes.
12. The plasma processing apparatus of claim 8, wherein
the power supply point 1s positioned around a center of the
55 power supply electrode.
13. The upper electrode of claim 1, wherein the conduct-
ing wire portions are formed in different shapes.
14. The upper electrode of claim 1, wherein the power
supply point 1s positioned around a center of the power
«0 supply electrode.
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